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Objective

This study assessed impaired fasting glucose and associated factors among perinatally HIV-infected adolescents and youths in Dar es salaam Tanzania.



Background

Impaired fasting glucose is a marker of heightened risk for developing type 2 diabetes among perinatally HIV-infected individuals. Therefore, identifying individuals at this stage is crucial to enable early intervention. Therefore, we assessed impaired fasting glucose (IFG) and associated factors among perinatally HIV-infected population in Dar es salaam Tanzania.  



Methods

A cross-sectional study was conducted among 152 adolescents and youth attending HIV clinic at Muhimbili National Hospital and Infectious Disease Centre from July to August 2020. Fasting blood glucose (>8 hours) was measured using one-touch selects LifeScan, CA, USA. We also examined C-Reactive Protein and interleukin-6 inflammatory biomarkers in relation to impaired fasting glucose (IFG). Associations between categorical variables were explored using Chi-square, and poison regression with robust variance was used to calculate the prevalence ratios.



Results

Of the 152 participants, the majority were male (n=83[54.6%]), and the median age was 15(14-18) years. Overweight or obesity was prevalent in 16.4%, while more than one in ten (13.2%) had high blood pressure (≥149/90mmHg). All participants were on antiretroviral therapy (ART); 46% had used medication for over ten years, and about one in three had poor medication adherence. Among the recruited participants, 29% had impaired fasting glucose. The odds of IFG were two times higher in males compared to females (PR, 2.07, 95% CI 1.19 -3.59 p=0.001). Moreover, we found with every increase of Interleukin 6 biomarker there was a 1.01 probability increase of impaired fasting glucose (PR, 1.01, 95% CI 1.00 – 1.02 p=0.003).



Conclusion

About one in three perinatally HIV-infected youths had impaired fasting glucose in Dar es Salaam, Tanzania, with males bearing the biggest brunt. Moreover, with every increase of 1.101 of the probability of having IFG increased. This calls for urgent measures to interrupt the progression to diabetes disease and prevent the dual burden of disease for this uniquely challenged population.
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Introduction

Impaired fasting glucose (IFG) is a type of pre-diabetes where an individual’s blood sugar levels during fasting are consistently above the normal range but below the diagnostic cut-off for type 2 diabetes mellitus (1). The burden of diabetes mellitus type 2 is higher in lower- and middle-income countries, and it is estimated that about a 90% increment of new cases will be from sub-Saharan Africa alone by the year 2030 (2). This increment will cripple economic progress and burden the country’s already overstretched health system. In addition, IFG has a higher predictive value for type 2 diabetes (3). Therefore, targeting those at the highest risk is the most cost-effective strategy for limited resources countries (4).

HIV-infected adults have a five-fold risk of developing diabetes mellitus compared to their HIV negative counter (5). It is also known that perinatally infected youth (acquired infection during pregnancy, birth or breastfeeding) have an excess risk of non-AIDS defining illnesses compared to adults or otherwise behaviorally HIV-infected youth and adolescents (6). Reports on the prevalence of insulin resistance, among HIV infected adolescents a condition preceding pre-diabetes and full-blown diabetes disease ranges from 6.5-34% (7–9). In contrast studies on perinatally infected adolescents and young adults evidences a higher rate (18-43% (10–12). The HIV infection on the immature immune system, long-term antiretroviral therapy (ART) exposure, and high HIV-related inflammation following poor adherence to ART are associated with this increased risk (13). As they transition to adulthood, the incidence of diabetes for this population is likely to surpass that of the current behaviorally infected adults.

Interventions and disease interrupters during the pre-diabetes stage can prevent or delay the occurrence of Type 2 diabetes (14). Disease interrupters such as rigorous screening, use of anti-inflammatory agents, and lifestyle changes have been implemented among the adult HIV population (15, 16). However, the burden of non-AIDS events is sparsely characterized among HIV-infected adolescents and youth, limiting the application of these interventions for this population. Furthermore, most diabetes risk behaviors, including poor diets and sedentary lifestyles, begin during adolescence (17). Therefore, reinforcing healthier choices and protective measures during this critical period can significantly change the health trajectory into adulthood and reduce the burden of comorbidity among the HIV population (17). However, evidence is unavailable on the burden and characteristics of IFG among perinatally HIV-infected youths in a high HIV prevalence context like Tanzania. This study was therefore conducted to address this gap.



Methodology


Study design and setting

This cross-sectional study was conducted among HIV-positive adolescents and young adults attending HIV care and treatment centers at Infectious Disease Center (IDC) and Muhimbili National Hospital (MNH), both located in Ilala district, Dar es salaam Tanzania. These facilities jointly serve 234 active adolescents and youth who attend from all the four districts of the region.



Study population

The study population included HIV-infected individuals aged between 10 to 21 years who had fasted for more than 8 hours. Pregnant participants were excluded because of the possibility of pregnancy affecting glucose levels and participants on anti-inflammatory drugs in the last three months were excluded from this study, because it would interfere with the results inflammatory biomarkers levels.



Sample size and sampling technique

The minimum sample size was 152 participants, calculated using Fisher’s formula. This study enrolled all adolescents who met the inclusion criteria and where willing to assented to participate in the study, but also had written informed consent from their parents. Informed consent for participants was obtained for participants 18 years old and above.



Variables and measures

The outcome variable was Impaired fasting glucose, this was defined as fasting glucose levels above 6.1 but less than 7mmol/L (18). Body mass index (BMI) was weight divided by height square (kg/m²) and classified as underweight, overweight, and obese. Under-weight (BMI < 18 kg/m2), normal (BMI ≥ 18 kg/m2 and ≤ 25 kg/m2), overweight (BMI > 25 kg/m2and < 30 kg/m2, and obese (BMI ≥ 30 kg/m2). In addition, blood pressure was considered high if BP ≥140/90mm/Hg (19). The adherence level at the last visit was extracted from the HIV ART card and recorded on a study tool as assessed by the attending Health care provider whether “GOOD”, MODERATE” or “POOR”. Good adherence referred to ≥95% adherence if less than three pills are missed, fair refers to 80–95% if 3–12 missed while poor adherence is less than 80% if 12 pills missed, all within one month of period (30days) (20). Smoking and alcohol consumption were determined if they had been used in the last 30 days from the day of interview. Occupation was asked to determine if the participants were still only students, or they were involved in income generating activities of moderate intensity (office work) or vigorous intensity causing excessive sweating (hard work). Physical activity was determined if one walked/cycled for at least 10 minutes daily (19).



Data collection

The study used structured data collection tools (annex 1) to gather demographic characteristics such as age, sex, family history of diabetes (first degree relative), and behavioral risk factors like alcohol consumption and smoking. In addition, HIV-related factors included duration of ART use, ART adherence, and HIV viral load. Also, we conducted physical measurements for blood pressure, weight, and height. Blood pressure was measured twice on the left arm of the seated and relaxed participant using a sphygmomanometer. The body weight and height were measured in light clothes without footwear.



Laboratory procedures

Four mls of EDTA blood was collected from every eligible adolescent. First, fasting glucose was measured using One-touch select © LifeScan, Inc AW 06716201A, whose 100% of glucose results of <100 mg/dL were within a bias of ±15 mg/dL, and 99.5% of results ≥100 mg/dL had a bias within the ±15% limit (21). Afterward, plasma was aliquoted and stored under −20°c awaiting inflammatory markers; Interleukin 6 and C-reactive Protein.

C-Reactive Protein and Interleukin 6 biomarkers were analyzed in the lab as described on this publication. CRP concentration above 3.1ng/liter will be considered high. The concentration of IL-6 beyond five pg/ml will be considered high (19).



Statistical analysis

Descriptive statistics were performed, proportions were reported for categorical variables while median and interquartile range (IQR) for skewed data. To explore association for Impaired fasting glucose a chi-square test was used. The dependent variables considered for the analysis was in binary variables. For variables with the expected numbers of observations per cell less than 5, the fisher’s exact test was used in estimating the p-value. Variables with a p-value less than 0.2 were subjected to poison regression with robust variance to analyze the prevalence ratios. A p-value less than 0.05 was considered statistically significant.




Results


Participant characteristics

The characteristics of 152 study participants are summarized in Table 1. The median age was 15 years, with most of the participants being male (n=83[54.6%]) and 118 (77.6%) being students. Eighty-seven (57.2%) participants had completed their primary education. A total of 67(42.1%) had a family history of diabetes, 67(44.1%) were regularly performing physical activities, 7(4.6%) were smokers, and 16 (10.5%) were alcohol consumers. Twenty participants (13.2%) had high blood pressure, and 25(16.4%) were overweight/obese. About 45(29.6%) participants had poor ART adherence, 39(25.7%) had a high viral load above 5000 copies/ml, and 70(46.1%) participants had used antiretroviral drugs for above ten years.


Table 1 | Characteristics of study participants .





Impaired fasting glucose, interleukin 6, and C-reactive protein

The proportion of participants with impaired fasting glucose was 28.9% (n=45). High IL6 and High CRP were observed in 34 (22.4%) and 78 (51.30%) participants, respectively. Thirteen (8.6%) participants had impaired fasting glucose and high IL6 levels. Likewise, impaired fasting glucose and high levels of CRP were observed in 26(17.1%) (Table 2).


Table 2 | Proportion of impaired fasting glucose, high IL6, and high CRP (n = 152).





Factors associated with impaired fasting glucose

Among the analyzed factors, only gender was significantly associated with IFG (p=0.008). Therefore, all variables with a p-value ≤0.2, which were family history of diabetes, physical activity, alcohol consumption and IL6 inflammatory biomarker, were subjected to poison regression analysis with robust variance. BMI and viral load had high multicollinearity (R=0.88) hence only one of the variables (BMI) was subjected to the model with other factors. The odds of having IFG were two times higher in males compared to female (PR, 2.07, 95%CI, 1.19 – 3.59 p=0.001) Moreover, with every increase of 1.101 of IL6 the probability of having IFG increased (PR, 1.01, 95 CI (1.00 – 1.02 p=0.003) (Table 3).


Table 3 | Bivariate and Multivariate analysis of factors associated with impaired fasting glucose.






Discussion

The current study revealed a relatively high burden of impaired blood glucose among perinatally HIV-infected youth in Dar es Salaam, Tanzania. In addition, our study observed that around 13% of participants have high blood pressure (≥149/90mmHg), and nearly one-third have poor adherence to antiretroviral therapy. Both conditions are important risk factors for the early onset of non-communicable diseases, a growing burden in the country. Moreover, with every increase of 1.101 of IL6 the probability of having IFG increased and the males were twice more likely to have IFG compared to females.

HIV perinatally infected youth are currently living for many years since the introduction of antiretroviral therapy (18). However, several studies have observed glucose impairment ranging from insulin resistance (8–10) to pre-diabetes (11, 12), and even full-blown diabetes disease (9). The current study observed that close to one in three youths (29%) had impaired fasting glucose, but the affected youths were unaware of their status, which further increase the risk of poor disease progression. Data from sub–Saharan Africa(SSA) have shown IFG to range from 2-6% (8, 22, 23). These results are comparatively lower than the current study. Although the difference could be attributed by the lower mean age of 9-12 years or mean duration of ARV use of 4-6 years compared to the current study where the mean age is 16 years and 10years respectively. Data from a Hispanic population with similar mean age (15 years) and ART duration (11years) reported IFG of 4.6% (24). Given that the occurrence of glucose alterations is multifactorial, these varying results across different geographical regions could reflect the varying dietary habits, genetic attributes and ethnicity (24, 25). Moreover, from the Findings from Latin America and Europe have shown the prevalence of IFG to range from 0.4-7% (26–29), while reports from Asian communities range from 2.6-43% (9, 11, 12). This necessitates for population specific data, to make informed decisions.

It is expected to observe a higher burden of diabetes and pre-diabetes in adults than in adolescents and youth (23); however, the prevalence in the current study is comparable to the prevalence of Pre-diabetes reported among adult PLWH in sub-Saharan Africa, which ranges from 15-27% (3, 5, 19). Despite the growing concerns about the increasing burden of impaired glucose metabolism among the HIV population (5, 19), no specific preventive measure has been incorporated into HIV care and treatment in Tanzania. The perinatally HIV-infected individuals will have a lifetime exposure to ART and HIV-related inflammation, hence have a greater risk of succumbing to the dual burden of disease at a younger age (16, 30) if no measures are taken. To the best of our knowledge this is among the pioneer study reporting IFG among perinatal infected adolescent and youth in Tanzania.

Moreover, we found with every increase of Interleukin 6 biomarker there is a 1.01 probability increase of IFG. Even with effective ART, chronic inflammation persists and has been linked the incidence of insulin insensitivity and eventually diabetes mellitus type 2 (3, 19). Several findings have shown incidence of diabetes following high levels of IL6 among other markers such as CRP (31, 32). Whether IL6 can predict the incidence of diabetes for the HIV population is still not clear, as the findings are highly heterogenous (19, 31). According to Farmer et al. the predictability of a marker is also influenced by the genetic variability and ethnicity, therefore more studies on a similar population are warranted to establish a reliable marker for the adolescent and youth population (33). The current study also measured CRP levels among the participants, but the findings were not significantly correlated.

Being male increased the risk of IFG by two-fold in this study. Similar findings have been reported elsewhere for the general population and PLHIV infection (5, 34). Contrasting findings argue that glucose impairment fluctuates depending on the life stage; where females are reported to have higher rates of glucose disturbances during youth, while males have higher odds at mid-life (35). A comparably smaller sample size could in-part explain the variation of these findings since a large study (n=4.4m) involving 146 countries reported men to have a higher prevalence of glucose-impaired metabolism independent of age (36). The other explanation could be the modality of glucose screening, where findings from a large European Diabetes Epidemiology study confirmed male predominance when fasting blood is used for diagnosis but not when a 2hour plasma glucose is tested after oral glucose load (37). Therefore, these findings could be an underestimation of the actual burden.

This study reports hypertension being prevalent among adolescents and youth (13%) who were perinatally infected with HIV. This is lower than another study conducted among adult perinatally infected subjects (30%) with a median age of 26 years (38). The age gap could have influenced this difference, as evidenced in the Baltimore study that reported a prevalence of hypertension of 26% among young adults, and the incidence significantly increased as the population reached adulthood (<18 years) (39). Factors at play for the perinatally HIV-infected individuals are not characterized, most probably because of the multifactorial pathophysiology (40). However, structural changes in the cardiac vasculature are observed as early as the first ten years of life for vertically HIV-infected subjects (41). Poorly controlled hypertension may eventually lead to cardiovascular diseases, kidney diseases, and mortality (42); hence early identification of high-risk individuals through screening is critical to prevent the development of these outcomes.

Having Poor ART drug adherence was not significantly associated with having IFG, although 29% were reported to have poor adherence to medication. This is regarded as a health risk behavior as it endangers the life and livelihood of the concerned and increases the risk of HIV transmission (43). Similar to the current study, sub-optimal ART adherence is reported in several studies among perinatally HIV-infected individuals (44, 45), where several factors have been correlated to contribute, such as the child’s age, developmental stage, and psychosocial state, among others (46). The dual burden of HIV and non-AIDS chronic disease could further complicate HIV care and treatment outcomes, including adherence to care; hence, youth-friendly adherence counseling is necessary to reduce adherence barriers for this uniquely challenged population (12, 46).

About 16% of our study participants were overweight or obese, but this was not significantly associated with impaired fasting glucose in our study. Although, it is a well-documented risk factor influencing glucose metabolism impairment and cardiovascular disease among the HIV population (3, 34). Similar findings have been reported in other studies, where a significant correlation was not attained (5, 19). The lower proportion of this variable may have limited the our ability to detect such associations.

Of note, we observed a trend of a non-significant low proportion of IFG in those with physical activity. According to Kemps et al, physical training can improve insulin sensitivity and overall sugar levels (47). Not being physically active could be influenced by being an urban resident, this is also reported in several studies that compared urban and HIV rural populations (48). Interestingly being physically active is reported to improve ART adherence (49). This could be because of its potential to improve one’s mood and alienate depressive symptoms (49), although further studies are required on this phenomenon to justify incorporating physical exercise in HIV care and treatment for perinatally infected individuals.

This study is not without limitation: this includes the use of a point of care device to measure glucose levels as this may overestimate the burden glucose impairment (21). None the less these are the devices used for screening and diagnosis of diabetes in SSA (50). Furthermore, the puberty stage has been associated with insulin insensitivity, however we did not study the role of puberty in relation to impaired fasting glucose because of the challenges in assessing this variable using tanner staging scale in the midst of provision of HIV care and treatment routine services.



Conclusion

The prevalence of IFG was high among HIV perinatally infected youths, found more in males than females. Furthermore increase of 1.101 of IL6 increased the probability of having IFG. Therefore, this study recommends incorporating scheduled glucose screening to identify these individuals early before developing full-blown diabetes. Furthermore, this study calls for urgent measures to interrupt the progression to diabetes to prevent the dual burden of disease for this uniquely challenged population.
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BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure.

Percent (%)/mean (SD)

395
40.8
19.7

54.6
45.5
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